This paper presents the horizontal soil resistance of pile group foundation by the static analyses using 3-dimensional nonlinear finite element method. Springs both at the pile head and around pile shaft are evaluated and discussed. The major findings obtained from this study are summarized as follows: 1) the horizontal soil resistance is different depending on the location of the pile. 2) soil spring around the pile at the edge of pile group is remarkably influenced by the direction of loading. 3) group-factor of soil spring around the pile is smaller than that of spring at the pile head. 4) when displacement of the pile becomes larger, the difference of soil spring at each pile becomes larger.
2.5 4.0 6.0 2(b) X 15° GL-1.5m (1) Many studies have been done about the horizontal soil resistance of pile group foundation through experimental and analytical approach. These studies gave us the following results:
1)
The horizontal resistance per one pile in pile group becomes smaller compared with that of single pile.
2)
The horizontal resistance at each pile is different depending on the locations in pile group.
3)
Pile group effect varies depending on the pile spacing, soil-to-pile stiffness ratio, and displacement of the piles.
These studies are mainly focusing on the spring at the pile head. There are few studies which evaluated the soil spring around pile shaft at each pile. Pile foundation is also subjected to the load of various direction during earthquake, it is necessary to define the soil spring to arbitrary direction. Therefore this study presents the horizontal soil resistance of pile group to arbitrary direction based on the static analyses using nonlinear 3-dimensional finite element method.
In this study, the soil-pile system is modeled by 3-dimensional finite elements. Both springs at the pile head and around pile shaft are calculated and discussed. When calculating the spring at the pile head, the piles are modeled by the elastic shell elements and forced displacement is given to the pile head. When calculating the soil spring around pile shaft, the piles are modeled as the excavated ground and uniform forced displacement is given to the whole of the piles.
The major findings obtained from this study are summarized as follows:
The relationship between group-factor and the number of piles (Np) is evaluated as for both springs at the pile head and around pile shaft. The group-factor of the spring at the pile head is slightly larger than Np -1/2 , and that of the soil spring around pile shaft is approximately equal to Np -2/3 .
2)
When displacement of the piles is large, the group-factor varies depending on the direction of loading. This trend is conspicuous by 1x5 piles in linear arrangement more than 5x5 piles in box arrangement.
3)
When displacement of the piles becomes larger, the difference in the horizontal soil resistance of the front piles and the back piles becomes larger.
4)
When the pile spacing is large, the horizontal soil resistance of the piles becomes large. Influence in the pile spacing is stronger in the horizontal resistance of the middle and back pile than that of the front pile.
5)
The hysteresis curve of the soil spring at the middle piles is symmetric with small hysteresis loop area. The hysteresis curve of the soil spring at the edge piles is asymmetric. Ultimate subgrade reaction of the corner pile varies by direction of loading. It becomes the largest in the case of the front pile, followed in order by the side pile, the back pile. 
